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The discovery of multiple coexisting magnetic phases in a crystallographically homogeneous com-
pound Ca3Co2O6 has stimulated an ongoing research activity. In recent years the main focus has
been on the zero field state properties, where exceedingly long time scales have been established. In
this study we report a detailed investigation of static and dynamic properties of Ca3Co2O6 across
the magnetic field induced transition around 3.5 T. This region has so far been practically neglected
while we argue that in some aspects it represents a simpler version of the transition across the B = 0
state. Investigating the frequency dependence of the ac susceptibility we reveal that on the high
field side (B > 3.5 T) the response corresponds to a relatively narrow distribution of magnetic clus-
ters. The distribution appears very weakly dependent on magnetic field, with an associated energy
barrier of around 200 K. Below 3.5 T a second contribution arises, with much smaller characteristic
frequencies and a strong temperature and magnetic field dependence. We discuss these findings in
the context of intra-chain and inter-chain clustering of magnetic moments.
I. INTRODUCTION
Magnetic compounds that exhibit geometrical frustra-
tion, coupled with low dimensional characteristics, pro-
vide one of the most exciting playgrounds for discovery
of novel phases with potentially exotic properties. Prime
examples are quantum spin liquids1, where both of these
features play a crucial role in preventing the system from
attaining long-range order (LRO).
On the other hand there are more classical systems
where several configurations of magnetic moments are
nearly degenerate, creating a landscape of metastable
states with slow dynamics, whose time scale strongly de-
pends on external parameters like temperature and mag-
netic field. Given that typical examples of slow dynamics
are associated with disordered spin-glasses and inherently
heterogeneous super-paramagnetic systems2, the occur-
rence of metastable states in homogeneous magnetic sys-
tems attracts considerable attention.3
Ca3Co2O6 has been in focus since the first discovery of
magnetization plateaus4, with suggestions of involvement
of quantum tunnelling processes due to the similarity to
single-molecule magnets.5 Further investigations showed
a complex time-, temperature- and magnetic field-history
dependence of the observed plateaus but more intrigu-
ingly the same has been established for its zero-field
state. With Ising-type magnetic moments residing on
cobalt ions6, the magnetic lattice consists of quasi-one-
dimensional chains running along the c axis arranged in a
triangular pattern in the ab plane. There is a dominant,
ferromagnetic (FM) intra-chain interaction J1 ∼ 24 K,
while the inter-chain interactions are antiferromagnetic
(AFM), more than order of magnitude weaker.7 Due to
the relative shift of neighbouring chains by ±c/3, there
is a finite effect of the inter-chain coupling along the c
axis and a consequent competition with the dominant J1
interaction, which profoundly influences the properties of
this compound.
It has proven to be very difficult to accurately describe
the zero field properties of Ca3Co2O6 . Neutron diffrac-
tion experiments indicated that below TN = 25 K an in-
commensurate, amplitude-modulated spin-density wave
(SDW) is formed8, whose periodicity strongly depends
on temperature and magnetic field9,10. A surprising re-
sult was the reduction of magnetic Bragg peak inten-
sities with further cooling, which was ascribed later to
short-range order (SRO) development.11–13. A second
LRO phase has been discovered below 13 K, with a wave
vector k = (0.5,−0.5, 1) and an exceptionally long time
scales but involving only up to 20% of sample’s volume
fraction.12 Moyoshi and Motoya9 argued that the actual
modulated structure is of a square-wave type while quan-
tum Monte Carlo simulations indicate14 a formation of
a quasi-periodic soliton lattice, where the mean separa-
tion between solitons determines the periodicity of the
observed density wave.
To grasp the complexity of the ground state and the
source of its highly dynamic features one needs to ex-
plore the system away from the B = 0 condition. As
shown in Figure 1 between 10 K and 15 K well defined
steps of magnetization can be observed at 1/3Ms and at
full saturation Ms, where the value of Ms = 5.2µB , in
good agreement with neutron scattering results.9 There
are four steps in total (including -Ms and -1/3Ms) with
three transitions between them:
↓↓↓ T−←−→ ↑↓↓ T0←−→ ↑↑↓ T+←−→ ↑↑↑ (1)
↑↓↓ and ↑↑↓ configurations represent an average of a
large assembly of c axis chains so that local deviations are
averaged out. Also, from the perspective of symmetry,
one can consider T− and T+ equivalent so for further
discussion we will focus on T0 and T+.
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2If one looks back to the B = 0 state, it is realized that
it is at a particular point in the phase diagram, exactly
in the middle of T0. When magnetic field is ramped
from the -1/3Ms plateau across B = 0, it initiates a
system-wide spin reversal from ↑↓↓ to ↑↑↓ state, where
one spin out of three changes its orientation. However,
the exact development of this reversal has never been
explored. It is evident that the reversal does not occur
suddenly, i.e. we do not see a simultaneous switch of all
the spins at once (compare this to very sharp transitions
in single-molecule magnets with avalanche processes oc-
curring during the reversal15). Thus, only small segments
of each chain switch direction one at a time. On a pic-
torial level the ↑↑↓ state emerges within the ↑↓↓ state,
first as sparsely distributed small droplets, which then
grow and coalesce as the field is further increased, and
then finally the system reaches the 1/3Ms plateau. The
exactly symmetrical situation occurs on the other side
of T0 when the field is reversed, where small droplets
of the ↑↓↓ state exist and coalesce within an otherwise
homogeneous ↑↑↓ state. This description is very similar
to general concepts applied in first-order phase transi-
tions16, where two phases coexist, with latent heat being
released or absorbed depending on the direction of the
process.
This pictorial representation agrees with the proposi-
tion that magnetic microphases14 exist in Ca3Co2O6 ,
with their sizes being spread over a finite distribution.
In such a case, the zero field state can be envisaged as a
highly dynamic ensemble where both ↑↓↓ and ↑↑↓ phases
coexist on all spatial scales and where the exact distribu-
tion of cluster sizes of both phases is highly sensitive to
the exact history path through the temperature-magnetic
field phase space. Measuring the dynamic properties are
also compounded by the fact that the two phases con-
tain both orientations of spins (up and down) so it be-
comes practically impossible to distinguish between the
FIG. 1. Magnetic field dependence of magnetization in
Ca3Co2O6 . Inset: T = 2 K with significant hysteretic ef-
fects and additional steps that are highlighted with arrows.
dynamic and static part or even to clearly mark the
boundaries of phases.
On the other hand, within the T+ transition it is clear
that the dynamic part is carried by segments of ↓ spins,
while the static background contains only ↑ spins. From
this perspective, T+ represents a somewhat simpler ver-
sion of T0. This reasoning led us to investigate closely the
frequency, temperature and magnetic field dependence of
T+.
II. EXPERIMENTAL DETAILS
Ca3Co2O6 crystals were grown by the flux method.
Single phase Ca3Co4O9 powder was first prepared by an-
nealing a stoichiometric mixture of CaCO3 and Co3O4
at 10000C for three days. The powder was then mixed
with K2CO3 used as flux in a 1/7 weight ratio. The
mixture was annealed at 10500C for 12 hours. The melt
was then cooled down to 8500C at a rate of 10C/h and
then to room temperature at a rate of 100C/h. The flux
was dissolved in distilled water. Dark green crystals of
Ca3Co2O6 , with the longest direction parallel to the c
axis could be collected.
Magnetization and ac susceptibility measurements
were performed using a commercial Quantum Design
PPMS. For magnetization we used a VSM mode with
sample cooled from 30 K (> TN = 25 K) to the desired
temperature in zero field with a subsequent field sweep
to 14 T using 100 Oe/s. For ac susceptibility measure-
ments we used an induction method, with the field scan
limited from 3.3 T to 3.7 T, encompassing the majority
of the T+ transition. The amplitude of the ac magnetic
field was set to 5 Oe for all frequencies in the range 10
Hz – 10 kHz.
FIG. 2. Temperature – magnetic field phase diagram of
Ca3Co2O6 . The plateaus at 1/3Ms and Ms are approx-
imately shaded. Below the 10 K line hysteretic behaviour
emerges.
3FIG. 3. Temperature dependence of the maximum value of
derivative dM/dB across the T+ transition.
III. EXPERIMENTAL RESULTS
In Figure 1 we present the magnetization data. Around
10 K Ca3Co2O6 exhibits well defined plateaus. The
plateaus are smeared out as temperature is raised to-
wards the transition temperature TN and the jumps be-
come less sharp. On the other hand, lowering tempera-
ture below 10 K induces a development of hysteretic ef-
fects and additional steps can be seen, marked by arrows
in the inset of Figure 1.
Based on these measurements a temperature – mag-
netic field phase diagram of Ca3Co2O6 can be con-
structed, as presented in Figure 2. The zero-field region is
characterized by a complicated magnetic structure, which
is suggested to be a temperature- and time-dependent
mixture of SDW and a collinear AFM12. When magnetic
field is applied with T < 10 K, a given configuration of
↑ and ↓ spins on a triangular lattice is locked down and
plateaus are formed. Above 10 K a single ↑↑↓ configura-
tion exists. Further increase of field leads to a transition
into a fully polarized ↑↑↑ state.
The dynamic features of this system are revealed by
ac magnetic susceptibility, containing two components,
in-phase χ′ and out-of-phase χ′′ , often referred to as a
real and imaginary component, respectively. In the low
frequency limit χ′ is often associated with the derivative
of magnetization with respect to magnetic field dM/dB
while χ′′ is related to dissipative processes during a single
cycle of magnetic field. We start with the temperature
dependence at three characteristic fields: (a) B = 0 (the
middle of the T0 transition), (b) B = 1.85 T (the 1/3Ms
plateau) and (c) B = 3.5 T (the middle of the T+ tran-
sition) in Figure 4.
At zero field the transition into LRO sets in at TN ,
indicated by neutron diffraction11 and specific heat re-
sults17. In ac susceptibility, however, the transition
leaves practically no signature, as all the curves in Fig-
ure 4a are feature-less across TN . The maximum in χ
′
FIG. 4. Temperature dependence of ac susceptibility in
Ca3Co2O6 for (a) 0 T, (b) 1.85 T and (c) 3.5 T. The list
of frequencies in (a) is the same in (c).
that develops below TN is strongly frequency dependent
(∆TM/(TM∆ω) ∼ 0.15), mimicking a behavior observed
in superparamagnetic systems2.
Around the middle of the 1/3Ms plateau the transition
is clearly seen as a kink in susceptibility below which the
signal drops to a (practically) zero value, see Figure 4b.
Contrary to the highly dynamic case at B = 0, there is
no measurable frequency dependence, indicating a robust
↑↑↓ state.
Further increasing magnetic field to the middle of
the T+ transition reveals a recurrence of frequency-
dependent dynamics, as shown in Figure 4c. Compared
to the zero field case the width of the dynamic region
is somewhat narrower for each frequency and the ampli-
tude of χ′ is a bit reduced. Additionally for T < 10 K the
signal is practically zero for all frequencies, in contrast to
the presence of significant dynamics at low frequencies in
4FIG. 5. AC susceptibility across the transition: (a) – (c) real component, (d) – (f) imaginary component, (g) – (i) colormaps
of imaginary component where the maximum amplitude of each frequency profile is normalized to unity. Panels (a) – (f) are
smoothed using a moving average.
Figure 4a. Nevertheless, the overall appearance is very
similar to the zero-field case and provides credence to a
common framework of dynamics in Ca3Co2O6 .
We focus our attention to T > 10 K to avoid the issues
of hysteresis and strong time- and temperature depen-
dences. As presented in Figure 3, the maximum value of
dM/dB shows a strong decrease of its value below 10 K,
indicating an emergence of a different magnetic behavior
for T < 10 K, similar to what has been deduced for the
zero-field transition.
Ac susceptibility behaviour across the T+ transition at
several temperatures is shown in Figure 5, with a corre-
sponding dM/dB included for comparison. dM/dB ex-
hibits a single maximum at Bdc, shifting to lower fields
with increasing temperature. This corresponds to a shift
of the steep increase of magnetization observed in Fig-
ure 1. The behavior of ac susceptibility is more com-
plex and shows a peculiar frequency dependence, with
two characteristic features emerging. The first feature is
temperature dependent and it follows the same trend as
Bdc, indicating that it reflects a behavior characteristic
for low frequencies. The second feature is temperature
independent and centered at B∞ = 3.49 T. The observed
behavior is independent of the sweep direction of mag-
netic field.
It is worth noting that both χ′ and χ′′ demonstrate
qualitatively the same behavior but there are some qual-
itative differences that can be observed. At all temper-
atures the B∞ peak is very wide, spread out across the
transition. On the other hand the Bdc peak associated
with the dc regime seems to exhibit smaller width and
gets more pronounced in the imaginary component.
In order to better emphasize the temperature, mag-
netic field and frequency dependence of those two fea-
tures the imaginary component in the form of color-plots
is presented in Figure 5g-i. Taking into account several
orders of magnitude difference in the values of suscepti-
bility measured across the frequency range used in this
study, each field scan is normalized at a given frequency
to its maximum value. This allows the observation of
several important aspects of the T+ transition. With
two well-defined features, there is a cross-over region in
frequency where both of them are present. At high tem-
peratures, where the separation is substantial compared
to the width of peaks, there are indeed two maxima in
χ′′ at a given frequency (for example ν = 2333 Hz at
T = 15 K). At lower temperatures the cross-over shifts
to lower frequencies and the separation between the two
features becomes smaller, making it harder to distinguish
in field scans for a single frequency. Finally, approaching
T = 10 K the cross-over frequency drops below 10 Hz
(the lower limit of our measurements) while at the same
time it becomes practically impossible to distinguish Bdc
and B∞.
5FIG. 6. Temperature dependence of the cross-over frequency.
The temperature dependence of the cross-over fre-
quency is plotted in Figure 6. It spans three orders of
magnitude in a relatively narrow temperature window.
At higher temperatures a weak curvature is present, indi-
cating a possible saturation. Experimental setups allow-
ing higher frequency range would be needed to investigate
its development towards TN .
18 On the low temperature
side one would also profit from the extension towards
lower frequencies with a caveat that the diminishing dif-
ference between Bdc and B∞ will make the determination
of the cross-over frequency ambiguous.
It is instructive to look more closely into the frequency
dependence of the susceptibility. At 10 K the values of χ′′
monotonically increase with decreasing frequency in the
whole field range investigated (Figure 5b). On the other
hand panels (d) and (f) show a strong non-monotonic be-
havior. A typical frequency dependence of both χ′ and
χ′′ is plotted in Figure 7a, with parameters T = 15 K
and B = 3.58 T. χ′ shows a saturation at low frequencies
and diminishes at high frequencies while χ′′ exhibits a
bell-shaped curve with a maximum occurring at the in-
flection point of χ′ . All these features are characteristic
for a system whose relaxation time τ = 1/(2pifmax), with
fmax being the value of frequency where the maximum
in χ′′ occurs. Typically one finds fmax below 10 kHz in
spin-glasses and superparamagnets.2 As mentioned be-
fore, the temperature dependence of the maximum in sus-
ceptibility strongly suggests superparamagnetic-like be-
havior in this compound, which also agrees with previous
reports.5,19
It is rarely found that only a single relaxation time is
present in a system. More often there is a distribution
of relaxation times. In the case of superparamagnets the
distribution comes from a non-uniform size and/or shape
distribution and even the environment can influence how
the particles respond to magnetic field. We fit the fre-
quency scans using the extended Debye model, where the
distribution of relaxation times is phenomenologically ac-
counted for by introducing the parameter α in Eq. 2:
χ(ω) = χ∞ +
χ0 − χ∞
1 + (iωτ)1−α
(2)
which leads to the following expressions for χ′ and χ′′
:
χ,(ω) = χ∞+
1
2
(χ0−χ∞)[1− sinh((1− α)x)
cosh((1− α)x) + sin(αpi/2) ]
(3)
χ,,(ω) =
1
2
(χ0 − χ∞)[ cos(αpi/2)
cosh((1− α)x) + sin(αpi/2) ] (4)
where x = ln(ωτ), χ0 and χ∞ are susceptibilities in
the zero and infinite limits, respectively, and α = 0 for a
single characteristic time.
The applicability of this phenomenological approach to
measured data is presented in Figure 7 for several char-
acteristic fields at T = 15 K. Above B∞ the whole of
our frequency range can be rather well described with
equations Eq. 3 and 4 (Figure 7d). Below B∞ a system-
atic increase of the low frequency region can be observed,
resulting in an asymmetric frequency profile of the imag-
inary component (Figure 7c). In this case we opted to
use only the high frequency side for the fit. With further
decrease of magnetic field and approaching Bdc the low
frequency side becomes dominant and the former maxi-
mum becomes a pronounced shoulder (Figure 7b). For
these values of magnetic field the determination of the
high frequency region used for the fit becomes somewhat
ambiguous and the extracted values should be considered
only as an estimate. On the other side of Bdc the low fre-
quency contribution reduces again, with a maximum in
imaginary component reappearing in the same frequency
window around 400 Hz (Figure 7a).
The temperature and magnetic field dependence of the
extracted parameters can therefore be studied. In Fig-
ures 8a-b the magnetic field dependence of fmax and α is
presented, respectively, for several temperatures. Along-
side the overall shift in frequency with temperature, one
can observe that all the curves follow a rather uniform
pattern. For B > B∞ there is a relatively constant fmax,
with a slight curvature that at higher temperatures pro-
duces a shallow minimum around 3.6 T. At the same time
α values are found in the range 0.1 – 0.25, considerably
lower than the value found in the similar analysis at zero
field and T = 2 K (α ∼ 0.55 in Ref. 5).
For fields below B∞ there is an obvious trend of de-
creasing fmax with a close to linear relationship between
log(fmax) and B. Within the region around Bdc (marked
by a thick dotted line) a minimum of fmax is found below
which the trend reverses.
In the same magnetic field range the value of α remains
around 0.25 or below. There is a peculiar inversion with
respect to B > B∞, T = 16 K values have increased and
T = 13 K have decreased. T = 12 K behavior stands
6FIG. 7. Frequency dependence of susceptibility at T = 15 K
for several magnetic fields. Circles represent χ,, triangles χ,,.
out, which can be attributed to the fact that the values
of fmax are rather low and not easily separable from the
observed low frequency upturn. One should anyway re-
frain from putting too much emphasis on the values of α
when they are extracted using only half of the frequency
profile. To get a reliable set one would need to include
the low frequency upturn into the analysis for which a
significantly lower frequency range is required.
Given the uncertainty in determination of the exact
set of parameters in the region around the minimum, we
plot them as thick dotted lines, compared to the rest
of the data set where symbols (for fmax) and full lines
(for α) are used. Nevertheless, it is obvious that there
FIG. 8. (a) Magnetic field and temperature dependence of the
frequency fmax where χ
,, exhibits a maximum. (b) The same
dependence for the width of individual frequency profiles. (c)
Temperature dependence of the characteristic frequency at
B = 3.58 T. The solid line is a fit following the Arrhenius law
described in Eq. 5. The inset shows EB(B) above B∞.
must be a minimum in fmax vs B since on both sides
there is a reliable set of data which shows a (quasi-)linear
behaviour with opposite slopes. Additionally, the region
with a dominant low frequency contribution (Figure 7b)
is rather narrow (except at T = 12 K) so we do not expect
that different approaches would result in vastly different
values of minima. The approach that we used results in
a minimum of fmax at B = 3.37 T while Bdc = 3.36 T
for T = 15 K, strongly suggesting that the two features
have common underlying processes.
A relatively uniform behavior of fmax above Bdc allows
the quantification of its temperature dependence. Fig-
ure 8c shows the extracted data at B = 3.58 T, together
with a fit to a simple activation energy dependence:
fmax = f0e
− EBkBT (5)
where f0 is an attempt frequency, EB is an energy
7barrier that a correlated cluster of moments needs to
overcome to flip its direction, and kB is the Boltzmann
constant. In the inset of the same panel we plot EB(B)
where it is shown that there is a very weak magnetic field
dependence, with values remaining around 190 – 220 K.
For comparison, previously extracted value at T = 2 K,
B = 0 is 135 K.5 The values of f0 are found to be at the
order of 109 Hz.
IV. DISCUSSION
The intricacies of the ground state19, extremely long
time scales associated with various magnetic configura-
tions12 and puzzling dynamics5 have kept the focus of the
research on Ca3Co2O6 for long time onto the B = 0 case.
The quest was to find the equilibrium state, as is a com-
mon approach for majority of magnetic materials. On
the other hand, in recent years a growing interest of the
research community is directed towards understanding
the non-equilibrium properties, their governing principles
and applicability to individual systems.20 As emphasized
in the introduction, the B = 0 state of Ca3Co2O6 is a pe-
culiar point in the middle of the T0 transition, so to truly
understand it, the processes that control its field-induced
non-equilibrium evolution need to be understood.
By focusing on the T+ transition above 10 K we avoid
the complications that arise with exceptionally long time
scales and hysteretic behavior. Within the T+ transition
a (small) change of magnetic field ∆B causes a certain
number of spins to change the orientation, inducing ∆M .
There is an energy barrier associated with this spin re-
orientation, EB , allowing us to investigate the associated
time scales through the Arrhenius law. Indeed, above 3.5
T, where the majority of spins are pointing up, the flip-
ping cluster of down spins seems to be well defined, with
the energy barrier practically independent of magnetic
field. The values of α, extracted from individual fits of
frequency dependence (Figure 8c), are found between 0.1
and 0.2 for magnetic fields above 3.5 T. These values can
be compared to the value extracted using the same ap-
proach at T = 2 K and B = 0 in Ref. 5 (α ∼ 0.55). More
generally, in systems where a distribution of time scales
dominates the dynamics, like spin-glasses and superpara-
magnets, the values of α are significantly larger. It has
been found21 that in CuMn (5 at. %) and (Eu0.4Sr0.6)S,
examples of archetypal spin-glasses, α linearly drops from
1 (an infinite width) at the lowest temperature to 0.2
around 2Tf (Tf being the freezing temperature of a spin-
glass system). In the same report they compare this to
two superparamagnets where the value of α accumulates
between 0.5 and 0.7, independent of temperature. Look-
ing at Figure 8c and observing the temperature depen-
dence of α in Ca3Co2O6 above 3.5 T it appears that
at temperatures around 20 K one would enter a regime
where only a single relaxation time is found (α = 0). If
such a prediction appears to be correct, this would open
up a possibility to utilize microscopic methods to char-
acterize and eventually understand the smallest dynamic
unit in Ca3Co2O6 .
The value of the energy barrier has been determined
to be somewhat larger than previously reported5, albeit
at the different temperature and magnetic field. On the
other hand it has been determined from inelastic neutron
scattering that a large spin gap of ∼ 27 meV (= 313 K)
characterizes the magnon dispersion in Ca3Co2O6 , which
has been attributed to the large single-ion anisotropy.22
If one follows the idea put forward through Monte Carlo
simulations14, a simple flipping process would be ascribed
to a soliton being moved along the chain direction. A soli-
ton is a domain wall boundary between uniformly mag-
netized chain segments and its lattice has been deter-
mined to be entropy driven, giving rise to incommensu-
rate diffraction peaks in the SDW phase.8
Below 3.5 T a qualitatively different behavior is seen,
with a second energy scale appearing at low frequencies.
Around Bdc this contribution becomes dominant and for
a proper qualitative analysis much lower frequencies are
needed. On the other hand the field dependence of fmax
can still be traced, remaining visible as a shoulder in indi-
vidual frequency scans and developing a minimum atBdc.
The existence of two energy scales could be associated
with intra-chain and inter-chain correlations, the later
forming large, percolating clusters that have their charac-
teristic frequencies much lower than the intra-chain ones.
Due to the weak coupling between the chains, an individ-
ual fingerprint of intra-chain correlated cluster at higher
frequencies can still be seen.
At the moment it is not clear what kind of processes
govern the appearance of the temperature-independent
dissipation maximum at B∞. Given that χ0 from Eq. 2
also exhibits a maximum at this field (not shown) we
can speculate that B∞ simply reflects the maximum in
the number of driven clusters. However, the peculiar fre-
quency dependence, with a cross-over to a ’static regime’
marked by Bdc remains puzzling. In that context, it
would be interesting to extend the observation of the
cross-over frequency above our 10 kHz limit, where the
collected data (Figure 6) do indicate a possible satura-
tion at higher temperatures. Additionally, both B = 0
and B = 3.5 T susceptibility is rather impervious to the
appearance of LRO at TN (Figure 4), indicating that
the dynamic part extends into the paramagnetic regime.
This is in principle not surprising if the core of magnetic
clusters is made out of single-chain segments which show
intra-chain correlations well above TN .
22–24
At the end we should mention that the study of the
T+ transition in Ca3Co2O6 extends beyond the immedi-
ate relevance for this compound. Recently several new
materials emerged that show similar plateaus and jumps
in magnetization as Ca3Co2O6 . First there are two poly-
morphs of CoV2O6, possessing a similar albeit distorted
triangular lattice in the ab plane, thus lifting the frustra-
tion and exhibiting a typical AFM spin arrangement.25
Another interesting compound is CoCl2·2H2O, which or-
ders as a two sublattice antiferromagnet26 and has been
8studied as function of transverse fields.27 Although their
ground states differ substantially from the one found in
Ca3Co2O6 (and between each other), they do share the
existence of the 1/3Ms and Ms plateaus, with a very
similar, temperature-induced asymmetric magnetization
profile as found for T+ in Ca3Co2O6 . Further insights
into their dynamics across this transition would allow to
separate the material-specific from the more general fea-
tures ascribed to non-equilibrium processes.
V. SUMMARY
We have presented a detailed study of the dynamic
aspects of the transition between two plateaus in magne-
tization of Ca3Co2O6 around 3.5 T. It has been revealed
that the region between the saturation and the middle
of the transition can be described within a framework of
relatively narrow distribution of cluster sizes. The mid-
dle of the transition, characterized by the fastest change
in magnetization, exhibits a complicated frequency re-
sponse, with two characteristic magnetic fields that cor-
respond to low and high frequency regimes, respectively.
Individual frequency scans also demonstrate the presence
of two characteristic time scales, which we have tenta-
tively ascribed to intra-chain and inter-chain correlations.
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